INTRODUCTION {#sec1-1}
============

Perioperative myocardial ischaemia (PMI) is a serious complication of cardiac surgery, which considerably increases the risk of mortality and morbidity.\[[@ref1]\] Patients with a history of PMI are at a higher risk of experiencing early complications than others. The probability of remaining free of newer cardiac events in those with a history of PMI was 51% compared with 96% in patients without a PMI.\[[@ref2]\] The length of hospital stay is also considerably prolonged in patients with perioperative cardiac complications.\[[@ref3]\]

While several therapeutic agents are able to target certain events triggering PMI, they are unable to prevent PMI in all circumstances. This has led researchers to try alternative approaches of making the myocardium resistant to ischaemic damage, irrespective of the trigger.\[[@ref3]\]

Myocardial protection is an area, which being widely researched currently to prevent or reduce the incidence of perioperative ischemic complications.\[[@ref3]\] The term ischaemic pre-conditioning coined by Murry *et al*. refers to the phenomenon where brief episodes of sublethal ischaemia render the heart more resistant to subsequent prolonged ischaemic injury.\[[@ref4][@ref5]\]

Such myocardial protection can be mimicked by some of the pharmacological agents. Over the last decade, it has become clear that volatile anaesthetic agents are protective in the settings of PMI and reperfusion. The American College of Cardiology Foundation/American Heart Association 2011 guideline for coronary artery bypass surgery has recommended the use of volatile anaesthetic agents for fast tracking in uncomplicated procedures (Class IIa, level of evidence A). Furthermore, there is evidence that the choice of volatile anaesthetics in the anaesthetic regimen is associated with better outcome after cardiac surgery.\[[@ref6]\]

The classical phenomenon of pre-conditioning documented in experimental models can be reproduced to an extent in coronary surgeries using cardiopulmonary bypass. In such situations, the pre-conditioning agent can be used for some time before the cross-clamp is applied (the ischaemic period). Removal of the cross-clamp defines the reperfusion period. The same pattern of ischaemia-reperfusion injury to the myocardium cannot be reproduced in off-pump coronary artery bypass grafting (OPCAB). In the setting of OPCAB, the periods of ischemia and reperfusion are difficult to clearly delineate because episodes of ischaemia are frequently alternated with episodes of reperfusion.\[[@ref7]\]

A review article demonstrated that repeated exposure of the myocardium to a volatile anaesthetic agent significantly protects the myocardium against ischemia -reperfusion injury.\[[@ref8]\]

Hence, we planned to study the effect of two different commonly used volatile anaesthetics (desflurane and sevoflurane) as myocardial protective agents in OPCAB surgery. We also assessed the myocardial protective effect in the early and the late myocardial protection window periods. The early protection was evaluated by sensitive cardiac blood markers such as troponin T (Trop-T) and creatine phosphokinase-MB (CPKMB or CPK-MB). Late window period protection was assessed by myocardial performance index (MPI) echocardiographically.

METHODS {#sec1-2}
=======

This prospective randomised study was performed at a tertiary cardiac centre, during 2010--2011 after ethical clearance from the Institutional Ethics Committee. Written informed consent was obtained from all patients prior to the study. Patients scheduled to undergo elective OPCAB surgery were enrolled for the study. Patients with ejection fraction \<40%; those undergoing repeat coronary surgery and concurrent surgeries were excluded from the study.

Based on previous studies\[[@ref9][@ref10][@ref11]\] and considering the differences in MPI of 0.1 between the groups as significant clinically and 80% power (α error - 0.05 and β error - 0.20) for the study, we derived at sample size of 40 cases. They were randomly allocated based on computer randomization into two groups - Group A (*n* = 20) and Group B (*n* = 20). Antiplatelet therapy was stopped 1-week before the operation and replaced by a daily dose of 0.6 ml low molecular weight heparin, subcutaneously. Oral antidiabetic drugs were stopped 2 days prior and replaced with insulin therapy. None of the patients included were receiving theophylline therapy.

All pre-operative cardiac medications were continued until the morning of surgery. Pre-operative MPI values were analysed by echocardiography on the previous day of surgery. All patients received standard pre-medication of 10 mg oral diazepam, on the day of surgery, 2 h prior to induction.

In the operating room, patients underwent routine monitoring including five lead electrocardiography, invasive blood pressure monitoring and pulmonary artery pressure monitoring with continuous cardiac output measurement. Pulse oximetery, capnography, urine output, temperature monitoring, and electrodes for bispectral index (BIS) monitoring.

All patients received intravenous injections of midazolam (0.05 mg/kg), vecuronium (0.1 mg/kg), fentanyl (5 μg/kg), and incremental doses of propofol to achieve BIS of 40--60. Injection fentanyl and injection vecuronium bromide infusion of 1 μg/kg/h and 0.05 mg/kg respectively were used for maintenance. Group A received sevoflurane and Group B received desflurane at 0.3--2 minimum alveolar concentration to maintain intra-operative BIS of 40--60.

Haemodynamics were maintained with vasodilators and inotropes to achieve a mean arterial blood pressure (MAP) of 65--70 mm Hg. Continuous infusion of injection nitroglycerine (0.1 μg/kg/min) was administered. Injection noradrenaline was used as inotrope to maintain MAP 60--70 mmHg.

Baseline measurement of Trop-T and CPKMB were done pre-operatively. Second samples for CPKMB and Trop-T were again obtained after 1 h and 8 h, respectively, after the operation for early window protection. While Trop-T was measured by chemiluminescence method, CPKMB was evaluated by the photoelectric method.

For a late window, all patients were assessed by echocardiography for the MPI \[[Figure 1](#F1){ref-type="fig"}\], pre-operatively and post-operatively (on third day). The MPI is defined as the summation of isovolumetric contraction time and isovolumetric relaxation time and ejection time (ET) divided by ET, which is independent of heart rate, pre-load, and afterload.\[[@ref12]\]

![Calculating myocardial performance index (MPI). Cessation to onset of mitral inflow is represented by the interval 'a' and it is the sum of isovolumetric contraction time (ICT), isovolumetric relaxation time (IRT) and ejection time (ET). Interval 'b' represents the left ventricular outflow velocity tracing (ET) (From <http://lan.sagepub.com/cgi/content-nw/full/43/2/127/LA06001EF6>)](IJA-59-282-g001){#F1}

All echocardiographic assessments were done by single echocardiographer for uniformity.

Chi-square/Fisher exact test was used to find the statistical significance of study parameters.

RESULTS {#sec1-3}
=======

Demographic data, baseline EF, CPKMB, Trop T were comparable in Groups A and B \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic profile and clinical characteristics of the groups

![](IJA-59-282-g002)

Intra-operative haemodynamic parameters and BIS scores were comparable among the groups \[[Figure 2](#F2){ref-type="fig"}\]. Inotrope scores were comparable intra-operatively, and on days 1 and 3.

![Line graph depicting haemodynamic parameters between groups in the intra-operative period. SEVO -- Sevoflurane; DES -- Desflurane; MAP -- Mean arterial pressure; MPAP -- Mean pulmonary artery pressure](IJA-59-282-g003){#F2}

Pre-operative CPKMB (27.1 ± 0.49 u/L vs. 24.6 ± 2.1 u/L; *P* \> 0.05), Trop-T (0 ng/ml vs. 2 ng/ml; *P* \> 0.05) and MPI (0.61 ± 0.11 vs. 0.66 ± 0.11, *P* \> 0.05) were comparable in either groups and there was no significant difference between these values (*P* = 0.166). The mean pre- and post-CPKMB in sevoflurane group were 27.1 ± 1.82 u/L and 29.05 ± 5.2 u/L, respectively (*P* = 0.135). Post-operative Trop-T values indicating ischaemia was seen in 9 patients (sevoflurane) vs. 6 patients (desflurane) (*P* \> 0.05). Post-operative CPKMB was significant in the sevoflurane group (*n* = 7 vs. *n* = 5, *P* \> 0.05). Inotrope scores on day 0 (*P* = 0.41), day 1 (*P* = 0.61), and day 3 (*P* = 0.69) were comparable \[[Table 1](#T1){ref-type="table"}\].

Myocardial performance index changes recorded as a change from the pre-operative values were compared by cross tabulations, and Pearson Chi-square test was applied to evaluate the significance. There was a statistically significant change between the two groups (*P* = 0.013).

Duration of ventilation (*P* = 0.17), length of ICU stay (*P* = 1), and length of hospital stay (*P* = 0.16) were lesser in the desflurane group but did not have statistical significance.

The post-operative MPI values when compared to pre-operative values, showed significant changes in both the groups. The MPI had increased in both the groups post-operatively. However, there was a greater increase in the sevoflurane group compared to the desflurane group.

Changes in MPI from baseline values were compared by cross tabulations and Pearson Chi-square test was applied to find a significance. A value of 0.14 difference between the baseline and post-operative period was considered a significant change. This was the difference reported between normal subjects and patients with multivessel coronary artery disease. There was a statistically significant change (*P* = 0.013) between the two groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Cross tabulation showing the change in MPI from pre-operative to post-operative 3^rd^ day values

![](IJA-59-282-g004)

DISCUSSION {#sec1-4}
==========

The primary goal of this study was to assess the better inhalational agent between sevoflurane and desflurane for pharmacological myocardial protection. To investigate the same, we divided the post-operative period into early and late window periods. Early markers of myocardial injury were troponin and CPKMB and late period was evaluated by MPI. Desflurane and sevoflurane were comparable in myocardial protection in early period, but desflurane showed a better myocardial protective efficacy in late window period.

Myocardial protection noted following the administration of volatile anaesthetics has been attributed to the reduction in ischaemia-reperfusion injury or to the pre-conditioning effect on the myocardium.\[[@ref7]\] Some of the mechanisms by which the volatile agents may offer myocardial protection is by opening of mitochondrial K~ATP~ channels, increasing the mitochondrial reactive oxygen species (ROS), activation or translocation of tyrosine kinases, protein kinase C, and p~38~ mitogen-activated protein kinase, mediating nitric oxide release and suppression of neutrophil activation, neutrophil--endothelium interactions.\[[@ref7]\]

Troponin flux, which is often noted following acute myocardial infarction, has been considered as a sensitive marker of myocardial damage.\[[@ref13]\] Elevations in troponin and CKMB levels and prolonged post-operative ischaemia during the initial post-operative days can predict the increased risk of long-term mortality following major vascular surgeries.\[[@ref14]\]

Myocardial performance index assesses both systolic and diastolic function of the myocardium and hence is a global performance indicator.\[[@ref12][@ref15]\] Myocardial dysfunction increases isovolaemic times and the resultant increase in MPI index. MPI as an indicator of cardiac ischaemia and as a surrogate has shown a direct correlation with invasive measurements in human stress echocardiography studies.\[[@ref16]\]

To our present knowledge, this is first clinical study to evaluate pharmacological protection in off-pump coronary surgery comparing two inhaled anaesthetic drugs, with CPKMB and Trop-T as markers for early window and MPI as marker for late window of myocardial protection.

A meta-analysis of myocardial protection with volatile anaesthetic agents during coronary artery bypass surgery found sufficient evidence to suggest that volatile anaesthetic agents such as sevoflurane and desflurane do provide myocardial protection in CABG surgery with significant increase in post-bypass cardiac index and reduction in troponin levels, inotrope use and duration of ventilation.\[[@ref7]\]

A review of cardiac protection by volatile anaesthetics concluded that all volatile anaesthetics induce dose-dependent depression in myocardial contractility and, therefore, have a beneficial role on myocardial ischaemia.\[[@ref6]\]

A meta-analysis of myocardial protection with volatile anaesthetic agents during coronary artery bypass surgery revealed increase in post-bypass cardiac index and reduced troponin flux following the administration of volatile anaesthetics. This indicates the myocardial protection conferred by these agents.\[[@ref7]\] A study showed ROS mediate sevoflurane- and desflurane-induced pre-conditioning in isolated human right atria *in vitro*.\[[@ref17]\]

In the present study, both CPKMB and Trop-T values as early window markers did not show statistically significant difference between the two groups. This confirms the myocardial protection of the two inhaled agents in our cohort. However, when assessed for late post-operative period MPI, there was 'statistically' significant higher number of cases with 'no change' and 'improved MPI' in desflurane group. Change in MPI of 0.14 in comparison to post-operative MPI was considered as 'clinically' significant.\[[@ref12][@ref15][@ref18]\]

As assessed by MPI on third post-operative day, global myocardial performance was preserved, improved or deteriorated in 15, 4, 1 number of patients in desflurane group as compared to 13, 0, 7 patients respectively in sevoflurane group with statistical significance (*P* = 0.013). Even though the early post-operative period showed no difference in protection by either agent, the late post-operative period assessment shows better preservation of myocardial performance in desflurane group.

Desflurane pre-conditioning of human myocardium against simulated ischaemia basically occurs through the activation of mitochondrial K~ATP~ channels and modulation of adenosine A~1~ receptors.\[[@ref12]\] Further, desflurane-induced protection also involves modulation of adrenoceptors in contrast with other volatile anaesthetics.\[[@ref19]\] Therefore, the indices may have been better with desflurane.

CONCLUSION {#sec1-5}
==========

Desflurane exerts a better cardioprotective effect than sevoflurane as indicated by better MPI in the late window period, whereas they have similar protective effect in early window period after OPCAB surgeries.
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